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A CRYOGENIC HOS£ CONFIGURATION 

Field of the InveDtion 

The present inventioii relates to cryogenic assembUes for magaetic resonant 
S imaging systems and the hke. In paiticiilar, but not necessarily restricted 
thereto, the present invention relates to a cryogenic hose of the type which is 
employed to connect a ciyogenic conqnression apparatus to a siq)erconducting 
system such as a magnetic resonant imaging systCTL 

10 Background to the Invention 

In many ciyogenic applications components, e.g. siq>erconducting coils for 
magaetic resonance imaging (MRI), superconducting transformers, generators, 
electronics, are cooled by keeping them in contact with a volume of hquefied 
gas (e.g, HeUum, Neon, Nitrogen, Argon, Methane), the whole ciyogenic 

15 assembly being known as a ciyostat. In order to operate a superconducting 
magnet, it must be kept at a temperature below its superconducting transition 
temperature. For conventional low teoqperatiire superconductors, the transition 
tenq)eiature is in the region of lOK, and typically the magnet is cooled in a 
container or vessel coirpising a bath of Uquid helium, commonly called a 

20 heUum vessel, at 4,2K. For sin:q>hcity, reference shall now be made to hehum, 
but this does not preclude the use of other gases. Services need to be run from 
the external environment at room temperature into the helium vessel, for 
monitoring purposes and to energize the magnet. 

25 The cooling, Uquefection and/or fiuiher cooling of gasses such as hehum 
require the generation of very low temperature refrigeration. Hehum hquefies 



2003P09615 GB 



10 



15 



at 4.21K. The generation of sudi a low ten^eratiire is veiy expensive and any 
improvements in cost and efficiency are veiy desirable. Pulse tube 
refiigerators are being increasingly used wherein pulse energy is converted to 
refiigeration using an oscillating gas. Such systems can generate refiigeration 
to veiy low levels, sufficient to Hquefy hefium. Gifford McMahon (GM) 
coolers are also used in such applications. 

It win be appreciated that ciyostats are not closed systems and have access 
necks to enable gas replenishmait, service of tiie pulse tube refiigerator sleeve 
etc.. Furfliermore tiie pulse tube systemreUes upon a supply of oscillating gas 
driven by a compressor systan. As wiU be appredate4 the pulse tiibe system 
has input and output tubes between Ae con5)ressor and tiie ciyostat EquaUy 
GM coolers have such h^ut and output tubes. These pairs of gas ttansfer 
hoses conduct refrigerant gases from a con?)ressor source to a cooling device 
witiiin a ciyostat. These hoses are constructed from convohited hose to 
witiistand tiie pressures. As tiie gas passes ova- tiie internal convolutions a 
whistiing sound is created. This is typically most dominant in tiie low pressure 
hose, where tiie gas is more voluminous having oqjanded, as its energy and 
tenq)erature have heea increased during tiie energy transfer process of cooling 
20 in tbe ciyostat. 



25 



This whisfling noise is. at tiie minimum annoying for operatives of a ayostal, 
but can have untoward effects for patients in a magnetic resonant imaging 
system. It should be remembered tiiat mai^r magnetic resonant systems 
closely surround patients and tiiis m^ make a patient fearfol - if a patient is 
uncomfortable or distiirbed during an imaging scan, flien tiiey may physicalfy 
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move die part of tilieir body being scanned resulting in a &ilnre of Ihe scanning 
operation. Furthermore, the acoustic disturbance can set up vibrational 
disturbances in the associated equipment The cooling device's performance 
may be limited due to flow disturbance. The scanning device and other 
5 equipment operable to scan a patient/subject may also work less well with 
tolerances being laiger tiban preferred. 

Object of the invention 
10 The present invention seeks to provide an ]nq>roved cryogenic assembly. The 
present invention also seeks to reduce the sound levels produced by a 
cryogenic apparatus and the level of noise transferred through a gas transfer 
hose. 

IS Statement of the Invention 

In accordance with a first aspect of liie invention, there is provided a 
cryogenic assembly comprising a cryostat, a compressor and a gas trans&r 
hose, wherein the hose conqprises a first axial conduit and a second 
circumferential conduit which surrounds the first conduit one conduit being 

20 operable to transfer high pressure gases fi:om a con]Q)ressor to a cryostat and, 
the oth^ conduit being operable to transfer low pressure gases firom the 
cryostat to the compressor. 

It has been found that the use of contrarflowing cryostat gases within a 
25 hose can reduce the overall noise produced by the hose. It is beUeved that the 
noise generated by one conduit is cancelled, to some extent, by the noise 
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generated by Hie other conduit. Once a system is installed and Ibe Tniniirninn 
distance between a compressor and a cryostat determined, the length of the 
hose can be tuned to achieve a minimum noise level. Conveniently the first, 
inner conduit is operable to support transfer of the high velocity low pressure 
5 retum gas from the cryostat, whereby the second conduit can reduce noise 
transmission by muffling the noise to a certain extent. 

Brief description of the figures 
10 The invention may be understood more readily, and various other aspects and 
features of the invention may become apparent fiom consideration of the 
feUowing description and the figures as shown hi the accorKq)anying drawing 
sheets, wherein: 

Figure 1 shows a prior art ciyostat*-conq3ressor arrangement; 
15 Figure 2 shows cross-sectional view of an embodiment of the invention; and 
Figure 3 shows a oyostat-cort^essor arrangemimt in accordance with the 
invention. 

Detailed description of the invention 

20 There will now be described, by way of example, the best mode conten^lated 
by die inventors for carrying out die mvention. In the foUowmg description, 
num^ous specific details are set out in order to provide a coiiq)lete 
understanding of the present invention. It will be apparent, however, to those 
skUled in the art, that the present invention may be put into practice with 

25 variations of this specific. 
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Figure 1 shows a basic representation of a magnetic resonant imaging machine 
system 10 with a cryostat and imaging equipnoent 12 enclosing a patient 20. 
Gas transfer hoses 16 and 18 cojonect the conq>ressor 14 with the cryostat 12. 

5 Figure 2 shows a cross-sectional view through a gas transfer hose 22 made in 
accordance with the invention. An inner hose 30 defines an inner conduit 
within a second conduit 26 defined by hose 32. Braiding 34 surrounds the 
hose 32 for strength and abrasion resistance. Inner hose 30 is supported 
within the outer hose 32 by siq>ports 28 which may be continuous siq>ports ~ 
10 for exanq>le as made in an extrusion process — or may be individual supports 
placed at regular intervals. It is important, in the event that individual siq>port 
are enployed, that the supports are spaced such that they do not allow the 
inner hose to he against the outer hose. 

15 Figure 3 shows a schematic, part sectional representation of a hose in 
accordance with the invention. At the conopressor 14, there is an outlet 42 and 
an inlet 44, providing connection to hose conduits 32a, 32 and 32b to supply 
coiqpressed gases to the ciyostat and receiving high velocity - low pressure 
e?diaust gases from the ciyostat via hose 30, respectively. Hose parts 32a and 

20 32b connect to flanges 36, 38 associated with the outer conduit and conopress 
outer tube 32 against a terminal/junction piece (not shown). Such junction 
piece preferably has rounded contours to enable a smooth flow from tube 32 to 
respective tubes 32a and 32b. At the ciyostat 12 the tubes 30 and 32b connect 
vdth outiet and inlet ports associated with service neck 40. Altematively, the 

25 inside tube may provide a conduit for the compressed gas, where it is likely to 
suffer less energy increase firom the exhausted gas at low pressure. 
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Tests have beea conducted using a twin hose system for comparative purposes 
in a Siemens OR64 magnetic resonance system, with a microphcMie mounted 
5 on a tripod 1 . 15m above floor level, 0.46m aw^ fiom a magnet The internal 
diameter of the 2Qm long hoses was 35mm. with the compressor being a 
Sumitomo model reference CW 71. At various PTR operating frequencies 
(1.56, 1.75, 1.8Hz), the signal levels at five positions were tested Using a 
bidirectional hose, again of 20m length, with a first c<Midmt having an inside 
10 diamet«- of 25mm and a second conduit having aa inside diameter of 50mm, 
with a coaxial internal tube of outside diameter 35.1mm within, noise level 
diflferences as much as 3dB could be attained Differences in heat exchange 
properties ware also noticeable. 



15 The present invention provides a neat solution to tiie issue of cable induced 
noise. In the setting up of a system it wiU be necessary to tune the length of a 
conduit to enable appropriate connection of services to a ayostat ad a 
minimum lengfli of hose can be used as a guide to die actual length of tijb 

required Ctace a reduced noise level has been attained witii tiie ayostat in 
20 operation, it may be worfliwhile employing sound insulating foam about the 
hose to still fiirtiier reduce noise ttansmitfeH hv ih^ 
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ClairriR 

L A cryogenic assend>ly conqprismg a cryostat, a conqiressor and a gas 
transfer hose, wherein the hose conprises a £rst axial conduit and a second 
S circumferential conduit which surrounds the first conduit, one conduit being 
operable to transfer high pressure gases firom a cortpressor to a cryostat and, 
the other conduit being operable to transfer low pressure gases firom the 
cryostat to the conq)ressor. 

10 2. A ciyogenic assembly according to claim 1, wherein the first, inner 
conduit is operable to support transfer of Ihe high velocity low pressure return 
gas firom the cryostat 

3. A cryog^c assembly according to claim 1 or 2, wherein the oryogenic 
15 assembly conprises part of an MRI assembly. 

4. A method of operating a cryogenic assembly conqprising a cryostat, a 
coirpiessor and a gas transfer hose, wherein the hose conqprises a first axial 
conduit and a second circumferential conduit which surrounds the first conduit, 

20 the method steps cornprising the passing through one conduit high pressure 
gases fi-om a conpressor to a cryostat and passing low pressure, high velocity 
firom the cryostat to the conqpressor. 

5. A cryogenic assembly substantially as described herein with reference to 
25 any one or both of figure 2 and figure 3. 
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A CRYOGENIC ASSEMBLY 
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15 



20 



imaging systems and the like. ^-4n particular the present invention relates to a 
oyogenic hose which is enployed to connect a ayogenic pump to a 
superconducting system such as a magnetic resonant imaging system. Known 
systems have a compressor for a refiigerant gas which passes through a pair of 
gas transfer hoses to conduct refiigerant gases to a coohng device within a 
ayostat. These hoses are constructed fi^om convoluted hose to withstand tiie 
pressures. As the gas passes over Ihe internal convohitions a whisthng sound 
IS created. Tliis is tvoicallv mnct rlr^mm^kni^ i*^ 4U^ i^,^, i_ 
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lis having expaaded, as its energy and 1 
been increased during the energy transfer process of coohng in the ayostat 
The present invention seeks to provide an in^xroved gas transfer hose which, 
m operation, is quieter than hitherto. Jn accordance with a first aspect of the 
invention, there is provided a ciyogenic assembfy conqMising a ayostat, a 
compressor and a gas transfer hose, wherein the hose comprises a first axial 
conduit and a second circumferential conduit which suiiounds the firet conduit, 
one conduit being opeiable to transfer high pressure gases from a con,>ressor 
to a ayostat and, the other conduit being operable to transfer low pressure 
gases from the cryostat assembly to the compressOT. 



25 Figiire2 



2003P09615 GB 



